Standardized lichen surveys were conducted on 849 trees in 132 ecological long-term observation plots in the Swiss Plateau and Pre-Alps: 262 lichen taxa were identified, 64 (24%) of them sorediate crustose species. Their mean percentage of the flora on individual trees and in individual plots was even higher. The mean percentage of crustose lichen species with vegetative propagules, such as soredia, was per plot significantly higher in the Pre-Alps than in the Plateau, higher in forest than in non-forest areas, and, according to the vegetation belts, lowest in the colline-submontane zone. It was found that the biodiversity of lichens could not be determined without considering the sorediate crustose lichens. Furthermore, by performing standardized surveys of all taxa, the occurrence of the following species in Switzerland was confirmed for the first time: Cliostomum leprosum, Fuscidea arboricola, Fuscidea pusilla, Hypocenomyce leucococca, Hypocenomyce sorophora, Lecanora norvegica, Lepraria eburnea, Lepraria elobata, Lepraria jackii, Lepraria obtusatica, Lepraria rigidula, Pertusaria boreahs and Rinodina griseosoralifera. Seven taxa that displayed distinctive chemistry, could not yet be identified.
Introduction
The development of vegetative, symbiotic propagules is considered an evolutionary innovation of lichenized fungi (Honegger 1991; Poelt 1995; Biidel & Scheidegger 1996) . In general it is more frequent among lichens than generative dispersal (Henssen & Jahns 1973) . Evolutionary radiation of lichenized fungi often led to morphologically similar species that mainly differ in their types of diaspores (Hale 1965) . Poelt (1970) compiled the numerous groups of forms in the concept of species pairs, where the fertile taxa are usually regarded as phylogenetically older. However, in addition to the known species pairs, there are many species without generative reproductive organs that could not be taxonomically allocated and thus so far are only tentatively identified or not at all. This is especially true of sorediate crustose lichens.
As a result of the difficulty in identification and the completely insufficient taxonomic classification within this circle of forms, fioristic surveys have often paid too little attention to sorediate crustose lichens and their percentage of the total number of species could scarcely be estimated. In recent years numerous taxonomic studies have dealt with epiphytic sorediate crustose lichens (e.g. Tonsberg 1992; Diederich 1989; Laundon 1992; Leuckert & Knoph 1992; Purvis et al, 1992; Schreiner & Hafellner 1992) and have proved perfectly valid for other regions. Within the framework of the development of a representative survey of diversity, distribution and dynamics of the epiphytic lichens occurring in Switzerland, we attempted to identify all lichen species growing on the trunk of 849 randomly selected trees in order to determine the frequencies and percentages of sorediate crustose lichens.
Materials and Methods
The Plateau and Pre-Alps regions were chosen as the study area, comprising, respectively, 22-8% and 16-0% of the total area of Switzerland (41 291 km 2 ; Bundesamt fur Statistik 1980). Within these regions data sampling was concentrated in the five areas Bern West, Entlebuch, Glaubenberg, Payerne and Schwarzsee (Welten & Sutter 1982) (Fig. 1 ). The study area was stratified horizontally in terms of region, forest/non-forest, and vertically according to four vegetation belts (EAFV 1988) . The criteria for stratification were combined, resulting in 12 large-scale habitats.
The entire epiphytic lichen flora of 849 trees from a stem height of 0 to 170 cm (sampling unit) was recorded as an assessment of the percentage of the stem covered (Dietrich 1993) . The sampling units were situated in 132 ecological long-term observation plots located from the intersection points of the 1 x 1 km grid of the Swiss co-ordinate system, which are taken as survey centres. In selecting the study plots, care was taken to ensure that at least ten were chosen for each of the 12 large-scale habitats. This resulted in the selection of 44 sampling plots in the Plateau and 88 in the Pre-Alps, 63 non-forest and 69 forest samples and 44 study sites in the collinesubmontane zone, 44 in the lower montane zone, 24 in the upper montane zone, and 20 in the subalpine zone.
For floristic assessment the lichenological data on each plot were compiled for one to 16 sampling units, depending on the density of the tree vegetation, in terms of presence or absence. If not otherwise noted, the results are based on this kind of plot data. On the basis of a subdivision of the study area according to the three stratification criteria, the dependence of the mean percentage of sorediate crustose lichens on region, forest/non-forest, and vegetation belt was examined. The given percentages per stratum were computed and the differences between them checked for significance by means of the z-test (a= l%; Riedwyl 1978) . We also checked the dependence between the percentage of sorediate crustose lichens and the total number of species.
All species were classified as 'sorediate crustose lichens' that, as a rule, produced soredia, independent of whether or not they also had organs for generative propagation. In accordance 3 were found only once.
Comparison of the mean percentage of sorediate crustose lichens between the strata (Table 2 ) reveals significant differences (a = 1 %). In the Pre-Alps the percentage of 34% is significantly higher than that of 27% in the Plateau. The same is true for the forest sites, the average of 37% being significantly higher than the 26% of the non-forest sites. Regarding the vegetation belts, the percentage in the colline-submontane zone, with only 25%, is significantly lower than elsewhere. Within the sorediate crustose lichens, species of the genus Lepraria play an important role. They represent an average of 12% of the flora of the forest plots. This is significantly greater than the 5% they represent in the non-forest sites. Comparison of the mean percentage of Lepraria species per plot between the Plateau and Pre-Alps regions and between the vegetation belts reveals a higher value for the Pre-Alps and the lowest for the colline-submontane zone, but the differences are not significant. However, the significant differences between the mean percentages of sorediate crustose lichens in forest and non-forest, Plateau and Pre-Alps, colline-submontane and higher zones were not only due to the contribution of Lepraria alone. Also if Lepraria is excluded from the calculation, the differences are statistically significant: in forest sites the mean is 25%, in non-forest 21%; in the Pre-Alps 25%, in the Plateau 19%; and in the colline-submontane zone 19% (Table 2) .
The number of lichen species exerts little negative effect on the percentage of sorediate crustose lichens. With a correlation coefficient of r= -0-27 the relationship is very low. The correlation between the total number of species and the percentage of Lepraria species is given by r--0-37, that between the number of species and the percentage of sorediate crustose lichens excluding Lepraria by r--0-10. The highest percentage of sorediate crustose lichens in the 12 large-scale habitats was found in the forest areas of the lower montane zone of the Plateau with 43% (not significant; w= 10); the lowest, with 17% (not significant, n= 13), in the non-forest areas of the colline-submontane zone of the Plateau. Sorediate crustose lichens constituted 24% of the lichen flora within the study area (Table 3 ). An average of 24 lichen species were found on each sampling plot (w= 132). The computed percentage of sorediate crustose lichens per plot was 32%. In relation to the sampling unit (w = 849), with an average often lichen species, the computed percentage amounts to as much as 40% per individual tree. 
Discussion
Thanks to better knowledge of sorediate crustose lichens achieved through numerous new descriptions and revisions over the past few years, it was possible to identify 64 sorediate crustose lichens in the Swiss Plateau and Pre-Alps. This number constitutes 24% of the total 262 species distinguished. A systematic survey of 849 sample units as tree trunks on 132 study plots revealed the high percentage of sorediate crustose lichens among the flora, and allowed the discovery of new or otherwise interesting species to Switzerland (Appendix 1 and 2) . Furthermore, sampling from plots distributed over diverse habitats, according to the vertical and horizontal stratification of the whole study area, permitted probable conjectures on the distribution and frequency of species of which little is known so far. For instance, Lepraria lobificans and Lepraria rigidula were found to be just as common and widely distributed within the study area as such well-known sorediate crustose species as Phlyctis argena or Micarea prasina. In contrast, Lepraria obtusatica seems to be a stenoecious species favouring fir-beech and fir-spruce forests in the montane and subalpine zones. Also, just because a particular species has not been identified in an area does not necessarily imply that it is uncommon. For instance, Lecidella sp. 1 was found only in the Pre-Alps, yet on 30 sampling sites at all altitudes; Lecidella sp. 2, on the other hand occurred throughout the entire study area, except in the subalpine zone.
The distribution of frequency indicates that there are few common species such as Lepraria lobificans and numerous rare ones, occurring at a percentage of only one or a few per thousand host trees. Thus it is comparable to the overall frequency distribution of lichens as described by Kuusinen (1994) , Roth (1995) and Dietrich (1996) . From this it is clear that there are rare species amongst sorediate crustose lichens but they can be investigated by means of an efficient survey method.
Crustose lichens reproducing by soredia do not comprise the same percentage in all habitats. They occur significantly more frequently in forested areas than in non-forested areas. Also the percentage of Lepraria species, as sorediate crustose lichens (T0nsberg 1992), is significantly higher in forests. This is easily understandable, as the leprose growth form, with its hydrophobic thallus surface (Henssen & Jahns 1973) , can be regarded as an adaptation to the absorption of water vapour, and is commonly found on sheltered sites with high humidity and little illumination (Tonsberg 1992) . In the other sorediate lichens, the formation of soredia is regarded as an advantageous propagation strategy of ^-selected species (Rogers 1990 ). Since the mean percentage of sorediate crustose lichens, even if Lepraria is excluded, is significantly higher in forest stands than on solitary trees, this strategy seems to be more important in forests.
Just how the significantly higher percentage in the Pre-Alps as opposed to the Plateau is to be interpreted needs further studies, as it could be assumed that the more intensive land-use in the Plateau on the whole promoteŝ -selected species. The same is true for the colline-submontane zone, which, within the study area, bears the lowest percentage of sorediate crustose lichens, but the probable highest in terms of intensity of land use.
Sites with few lichens are often colonized only by sorediate crustose species, such as Lepraria lobificans, L. rigidula and Micarea prasina. Therefore, it may be expected that the percentage of sorediate crustose species is negatively affected by the total number of species. In fact, however, the correlation, with r= -0-27, is very low. Furthermore, on the basis of the low correlation coefficient of r--0-37 between number of species and percentage of Lepraria species, the hypothesis that sampling sites with few species display a high percentage of ubiquitous Lepraria species can be dismissed. The negative correlation of the number of species to the percentage of sorediate crustose lichens excluding Lepraria is only r= -0-10. The recognition of sorediate lichens in the field and the essential analysis by thin-layer chromatography (TLC) in the laboratory consume much time and material. Furthermore, the risk of faulty identification is undoubtedly higher if sorediate crustose lichens are considered in a survey. However, the percentage of species in the study area as a whole (24%), the mean value for the sampling sites (32%) and the trees (40%) justify the expenditure for the determination of all taxa. In terms of biodiversity, floristic lichen surveys that do not include sorediate crustose lichens are incomplete. Consequently the aims of any given survey should be examined to determine whether these taxa can justifiably be omitted. Possibly their inclusion could be of use for gaining further knowledge on the diversity, pattern and dynamics of epiphytic lichen vegetation.
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